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CHANGING WHAT'S POSSIBLE

Economic Long-Duration Electricity Storage by Using Low-Cost Thermal

Energy Storage and High-Efficiency Power Cycle (ENDURING)

Project Vision

Principal Investigator

» To create an innovative LDES system and a o Dr. Zhiwen Ma (NREL)
fluidized bed heat exchanger design. Team Members
> T vel mbonents meetine th n o GE Global Research (GE-GRC)
o develop components meeting the Fost and o Purdue University (PU)
performance targets, and a commercial path. o POWER Engineers (PEI)
> To provide electricity for several days with o Allied Mineral Products, Inc. (Allied)

low-cost particle thermal energy storage.
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Colorado School of Mines (CSM)

»aNREL $3.235 MM

36 months



ENDURING Long Duration

Energy Storage (LDES)
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Technology Innovations

o ENDURING LDES operates as a
standalone thermal battery for
grid-scale electricity storage.

o Inexpensive, stable, abundant solid
particles as storage media.

o Novel fluidized bed heat exchanger
for cost-effective and efficient
power conversion.

o Decoupled power and storage
duration.

o Scalable system for wide storage
capacity (10 — 100 hours) and
power (60 — 300 MWe).
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! . GE Global T
Research

'NREL is speC|aI|zed in thermal energy ~ KT
storage in concentrating solar power (CSP):  GE Global Research (GE-GRC) will lead

o Early advocacy of the supercritical the power system integration:

carbon dioxide (sCO2) Brayton power o Global leader in power system
cycle. equipment and services.

o SunShot projects using particles as heat o Record power conversion efficiency of
transfer fluid and storage media. gas-turbine combined cycles.
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CoIanlo Shdoﬂln of Mines (CSM) o
participated in NREL's SunShot project in
TES and particle system.

PURDUE €] L

UNIVERSITY

Purdue Center for

Particulate Products and Processes has full
line of particle characterization equipment,
and expertise in MFIX modeling.
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POWER Engineers (PEI): %QPOWER
. . = Y ENGINEERS
o Power system integration

o Power generation engineering

-ALLIED
MINERAL

PRODUCTS '
Allied is N\
specialized in refractory

materials, powder, high-temperature

insulation (>1,600°C) material, design and
construction.




Tasks and Team Roles

Project Management Technology Review Committee (TRC)
ARPA-E (DAYS) Z. Ma (NREL, PI) M. Mehos (NREL), D. Hofer (GE-GRC), S. Li (PEl), Utility

‘ NREL, PU, Allied, \ NREL, CSM, Allied NREL, PU, PEI

NREL, GE-GRC, PU

Charging: Storage: Dischayging: Generation:
Ultrahigh Particle |TES) Fluidized Closed-Brayton
Temperature [TES ’Thermal Energy EBedh Heat ::TE5> Co(r:nbllned
Electricit : : Xchanger Cle
ectricity - Particle Heating Storage (TES) (FB-H)g() v e

A

|NREL, GE, PEI, Utilityl

Objectives:

* TES material screening Realization: TEA
* Design, modeling, testing and Technology-
* Prototype verification to-Market
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Project Objectives and Timeline

C .y .
e Utility involvement
) % Technology Transfer & . EPCsymanufactu ring
S o N Outreaching (TTO) .S 'I hai
28 7% upply chains
O O e e e e e e e e e e e
~ o ~ T 1
g g9 ! . ~_ 1 *2-5 MW heater and fluidized bed |
AT S E ,b: Demonstration: % *10-50 MWh pilot storage design :
2 = £ +~ 7 Pilotplantin2-5MW .
£ 88 A ;- L2 1-2 MW turbine integration J
2 BP2 Development: * 10 kW benchtop particle heater
v O Concept verification * 5 kW fluidized bed gas/particle test prototype
z / laboratory prototypes * 100 kWh TES material and design verification
o
g BP1 Research: * Select particles, heater, storage insulation, containment

Fundamental designs
and materials

* Fluidized bed, gas seal, particle feeding and dispensing
* Power system configuration, efficiency, cycle optimization
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Challenges and Risk Mitigation

1. Particle stability at 1,200°C
o Knowledge/resources from Allied Mineral,
Purdue Center for Particulate Products and
Processes, and particle suppliers will be applied.
o Several particle types will be screened/tested.

Commercial 360-MW

B ,v;.F;_EPO”er 2. Fluidized Bed (FB) Heat Exchanger (HX) design

o Strong team expertise on gas/solid two-phase
flow modeling, testing, and scaling up will be
|| FB tapped.
o Industry experiences and commercialized
technologies will be leveraged.
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Challenges and Risk Mitigation
, : -

~ ml 3. Working fluid and particle interaction:

' o Material stability verification in the lab test.

o Power configuration selection between closed
and open Brayton combined cycles.

o GE’s expertise in gas-turbine combined cycle.

Leveraging a power plant 4. LDES system cost to meet the LCOS target:
& 5 s i o Initially leverage the infrastructure and
S equipment of a retired thermal power plant.
o Optimize a power system for high-efficiency
options and standardize a design.
o Develop an ecosystem of low cost suppliers.

National Renewable Energy Laboratory



Commercialization Path and Strategy

researn . M oevcopmen: v 2

Material screening, Component System End Users:
component and N prototype, N integration, pilot _ Utility,
system design fabrication and and commercial energy
methods testing designs industry

1. Make connections with utilities, ventures, and commercialization partners.

2. Serve California, Colorado, and other states for their carbon-free energy goals.
3. Outreach material suppliers, supply chains, and component manufacturers.

4. Expand the storage applications to other energy industries, nuclear power.

5. Participate in energy storage communities: ASME, IEEE, POWERGEN, media, etc.
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i sNREL Thank you

Transforming ENERGY

Zhiwen Ma, 303-275-3784
Email: Zhiwen.ma@nrel.gov

https://atainsights.com/recordifigs- and presentatlons how-to de5|gn—"’.‘:__;;,;
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